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(57) The present invention provides a hybridization 
device, case, support and labeling reagent which can 
enhance the efficiency of the hybridization reaction, 
save nnore time for the reaction and improve the detec- 
tion sensitivity. 

A case (1) comprises: a metal support (2) made of 
platinum-covered titanium and having probe DNA im- 
mobilized thereon; counter electrodes (2a) and (2b) for 
applying a voltage between the metal support (2); a cap 
(3); and a filler port (23). 

As a result, a hybridization reaction can be per- 
formed in an efficient manner in a short time. In addition 
an electrogenerated chemiluminescent substance may 
be used for detection. 



Fig. 1 



' >3 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP1 148 119 A1 



2 



Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to a hybridization 
device, a case for perfornning a hybridization reaction in 
the device, a support for performing a hybridization re- 
action in the case, and a labeling reagent for labeling a 
biological substance used for the hybridization. 

BACKGROUND ART 

[0002] Conventionally, a hybridization reaction in- 
clude steps of: imnnobilizing probes on an insulating 
glass plate as a support; dropping a hybridization reac- 
tion solution containing a fluorescence-labeled sannple 
on the support; covering the support with a glass cover; 
and leaving the support in a thernnostat for a predeter- 
nnined period of tinne. Thereafter, the support is taken 
out from the thermostat, and washed with a washing so- 
lution. The fluorescent substance as the label Is excited 
and the resulting fluorescence is read with a detector, 
thereby identifying the sample hybridizing to the probes. 
The above-mentioned probes and sample are all biolog- 
ical substances, specifically DNA or RNA. Hybridization 
may take place between DNA and RNA. Alternatively, 
samples may be immobilized on a support to be sub- 
jected to hybridization with a hybridization reaction so- 
lution containing a fluorescence-labeled probe. Herein, 
a hybridization reaction between DNA probes immobi- 
lized on a support and labeled DNA are described as an 
example. However, the present invention is not limited 
thereto. 

[0003] When a hybridization reaction is carried out as 
described above, the reaction takes 6 to 7 hours, requir- 
ing long time. Thus, in general, multiple expensive hy- 
bridization devices are used in line to perform multiple 
hybridization reactions at the same time, which requires 
a large installation space. 

[0004] The present invention has an objective of pro- 
viding a hybridization device, case, support and labeling 
reagent, which can enhance the efficiency of a hybridi- 
zation reaction, save more time for the reaction and im- 
prove the detection sensitivity. 

DISCLOSURE OF THE INVENTION 

[0005] A support of the present invention comprises 
a metal forsupplying a chargeto a hybridization reaction 
solution. Accordingly, a charge can be supplied to the 
reaction solution to attract a biological substance con- 
tained in the hybridization reaction solution to the sup- 
port side. Moreover, an electrogenerated chemilumi- 
nescent substance may be used as a labeling reagent. 
[0006] By immobilizing a biological substance on the 
support, the support may, for example, be used directly 
for diagnosis of a specific disease. 
[0007] A case of the present invention comprises an 



electrode for supplying a charge to a hybridization reac- 
tion solution. 

[0008] By storing the above-described support, the 
case may, for example, be used directly for diagnosis of 
5 a specific disease as described above. 

[0009] A hybridization device of the present invention 
supplies electricity to a case used for a hybridization re- 
action to supply a charge to a hybridization reaction so- 
lution. 

10 [0010] A labeling reagent of the present invention 
comprises an electrogenerated chemiluminescent sub- 
stance for labeling a biological substance. 



15 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0011] 



Figure 1 is a perspective view showing a structure 
of a case used for a hybridization reaction according 

20 to one embodiment of the present invention; 

Figure 2 is a schematic view showing a structure of 
a hybridization device according to one embodi- 
ment of the present invention; 
Figure 3 is a schematic view for illustrating the hy- 

25 bridization reaction according to one embodiment 
of the present invention; 

Figure 4 is a schematic view for illustrating a struc- 
ture of sample DNA introduced with a ruthenium 
complex according to one embodiment of the 

30 present invention; 

Figure 5 is a schematic view showing electrogen- 
erated chemiluminescence according to one em- 
bodiment of the present invention; 
Figure 6 is a diagram (part 1) for illustrating a reac- 

35 tion between the ruthenium complex and TPA on a 
metal support; and 

Figure 7 is a diagram (part 2) for illustrating the re- 
action between the ruthenium complex and the TPA 
on the metal support. 

40 

BEST MODES FOR CARRYING OUTTHE INVENTION 

[0012] Hereinafter, a preferred embodiment of the 
present invention will be described in detail with refer- 

45 ence to the accompanying drawings. 

[001 3] Figure 1 is a perspective view showing a struc- 
ture of a case used for a hybridization reaction according 
to one embodiment of the invention. 
[0014] The case 1 is provided with a metal support 2, 

50 counter electrodes 2a and 2b, a cap 3 and a filler port 23. 
[0015] Preferably, the case 1 is transparent for opti- 
cally detecting the results of the reactions and is made 
of an acrylic resin to be resistant against chemicals. The 
metal support 2 is firmly attached to the center of the 

55 inner bottom of the case 1 . The counter electrodes 2a 
and 2b are firmly attached to the case 1 above the both 
sides of the metal support 2 so that the counter elec- 
trodes 2a and 2b do not interfere with observation from 



2 



3 



EP1 148 119 A1 



4 



above. 

[001 6] The metal support 2 has a size of , for example, 
25 X 75 X 2 mm^ and is immobilized with probe DNA. 
Accordingly, the surface of the metal support 2 has to 
be uniform and needs to be stable as an electrode. 
Therefore, in this embodiment, platinum-covered titani- 
um is used. 

[0017] Since the counter electrodes 2a and 2b are not 
transparent in this case, they have to be placed such 
that they do not interfere with the detection with a cooled 
CCD. If a transparent electrode is used in place of the 
counter electrodes 2a and 2b, a single electrode as 
large as the metal support 2 may be provided above the 
metal support 2. 

[0018] Figure 2 is a schematic view showing a hybrid- 
ization device according to the embodiment of the in- 
vention. The case 1 is mounted with the metal support 
2, injected with a hybridization reaction solution, and is 
sealed with the cap 3. The case 1 is then placed on and 
heated by a Peltier element 4. The Pettier element 4 is 
connected to a computer 13 so that the reaction tem- 
perature can be controlled. The metal support 2 is 
charged positive by a power switch 5 and a voltage is 
applied between the metal support 2 and the respective 
counter electrodes 2a and 2b, thereby applying an elec- 
tric field to the reaction hybridization solution for a hy- 
bridization reaction. The power switch 5 is connected to 
and controlled by the computer 13. The voltage applied 
for this hybridization reaction is about 1 00 V. After the 
reaction, the hybridization reaction solution is dis- 
charged from the case 1 to a discharged solution reser- 
voir 8 via a discharging tube 6. By doing so, un-reacted 
sample DNA 16 (see Figure 3) is discharged along with 
the hybridization reaction solution. Thereafter, a wash- 
ing solution in a washing solution reservoir 9 is injected 
into the case 1 via an injection tube 7 by the pump 14, 
and similarly discharged into the discharged solution 
reservoir 8. According to the present embodiment, 0.2 
X SSC/0.1% SDS solution is used as the washing solu- 
tion. Furthermore, a TPA (Tripropylamine) solution in a 
TPA solution reservoir 10, which is necessary for the lat- 
er-described electrogenerated chemiluminescence is 
injected into the case 1. The solution to be injected is 
selected with a switch 15. After injecting the TPA solu- 
tion, the power switch 5 is turned on again to apply a 
voltage to the metal support 2 for electrogenerated 
chemiluminescence. The current for the electrogenerat- 
ed chemiluminescence is about 1 00 \xA. However, since 
this current is required for oxidizing later-described Ru^^ 
to obtain Ru^^, an optimal luminescence intensity is ad- 
justed at about 50 to 150 |a,A (variable). The lumines- 
cence is detected by the cooled CCD 1 1 on the case 1 . 
After the detection, the TPA solution in the case 1 is dis- 
charged. The detected data is sent to the computer 13 
via an A/D converter 12. 

[0019] Figure 3 is a schematic view for illustrating the 

hybridization reaction according to the embodiment of 
the present invention. The power switch 5 is turned on 



to apply a voltage so that the negatively-charged sample 
DNA 16 in the case 1 is attracted to the positively- 
charged metal support 2, thereby increasing the chance 
of the reaction and thus improving the reaction efficiency 
5 of the reaction with the probe DNA on the metal support 
2. As a result, time required for the hybridization reaction 
can be saved. 

[0020] During the reaction, the case 1 is heated from 
beneath by the Peltier element 4 to maintain a constant 

10 reaction temperature. 

[0021] Figure 4 is a schematic view for illustrating a 
structure of the sample DNA 16 introduced with a ruthe- 
nium complex 18. The sample DNA 16 in the hybridiza- 
tion reaction solution is modified with an electrogenerat- 

15 ed chemiluminescent substance. The present device 
employs the ruthenium complex 18 as a luminescent 
substance and Tripropylamine (TPA) 17 as an electron 
donor, thereby enabling detection based on electrogen- 
erated chemiluminescence. According to the present 

20 embodiment, N-hydroxysuccinimide-activated ester 
(NHS ester) 19 is used as a cross-linking agent. The 
NHA ester 19 is bound to streptoavidin 20. On the other 
hand, sample DNA 22 is biotinylated with biotin 21. 
Through this streptoavidin-biotin binding, the ruthenium 

25 complex 18 can be bound to the sample DNA 22. The 
sample DNA 22 may be biotinylated by using a biotinyla- 
tion kit commercially available from Pierce or else. 
[0022] Figure 5 is a schematic view for illustrating 
electrogenerated chemiluminescence according to the 

30 embodiment of the present invention. The ruthenium 
complex 18 modifying the sample DNA 22 reacts with 
the TPA 17 upon application of the voltage to the metal 
support 2, and results luminescence. 
[0023] Figures 6 and 7 are diagrams for illustrating the 

35 reaction between the ruthenium complex 18 and the 
TPA 17 on the metal support 2. First, the TPA 17 dis- 
charges an electron on the electrode plate and becomes 
a cation radical (TPA+*). Since the cation radical is very 
unstable, it discharges a proton (H+) to be a radical, but 

40 because it is still unstable, it further discharges an elec- 
tron through a reaction with Ru^^. On the other hand 
Ru2+ discharges an electron on the electrode plate to 
become Ru^^ and receive an electron through the reac- 
tion with the TPA radial (TPA*), but because it is still un- 

45 stable (excitation state, Ru2+*) it discharges a photon 
and returns to stable Ru2+. 

[0024] The present invention is not limited to the 
above-described embodiment. 

[0025] The metal support may be, other than the plat- 
50 inum-covered titanium, a platinum plate, a stainless 
plate, a titanium/platinum clad or the like. The titanium/ 
platinum clad is obtained by mounting a thin platinum 
plate on a thin titanium plate with bolts. Since the plati- 
num-covered titanium is obtained by plating a titanium 
55 substrate with platinum, a rough surface in a molecular 
level can be obtained as a general outcome of plating. 
Thus, the platinum-covered titanium is more efficient as 
an electrode compared to the above-mentioned plati- 
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num plate, the stainless plate or the titanium/platinum 
clad. The metal support is a good electric conductor ow- 
ing to the metal and thus, for example, an insulating sub- 
strate such as a glass substrate covered with a metal 
can be used. The metal is not necessarily exposed on 5 
the surface, and the metal surface may be covered with 
a thin dielectric substance for protecting the metal from 
the solution, as long as the support functions as a good 
electric conductor such that a charge can be supplied 
from the metal support to the solution and that the ru- io 
thenium complex can react with the TPA. 

INDUSTRIAL APPLICABILITY 

[0026] As described above, according to the present 15 
invention, a hybridization reaction can be performed in 
an efficient manner in a short time. By using an electro- 
generated chemiluminescent substance for detection, 
the detection can repeatedly be performed. By adjusting 
the amount and time of the charge supplied from the 20 
electrode, an appropriate luminescent intensity can be 
obtained for each sample. 



Claims 25 

1. A support used for a hybridization reaction, com- 
prising a metal for supplying a charge to a hybridi- 
zation reaction solution. 

30 

2. A support according to claim 1 , wherein a biological 
substance is immobilized on the support. 

3. A case used for a hybridization reaction, comprising 

an electrode for supplying a charge to a hybridiza- 35 
tion reaction solution. 

4. A case according to claim 3, wherein the case ac- 
commodates the support of either claim 1 or 2. 

40 

5. A hybridization device which supplies electricity to 
a case used for a hybridization reaction to supply a 
charge to a hybridization reaction solution. 

6. A labeling reagent comprising an electrogenerated ^5 
chemiluminescent substance for labeling a biologi- 
cal substance. 



50 



55 



4 



EP1 148 119 A1 



Fig. 1 




5 



EP1 148 119 A1 



Fig. 2 




6 



EP1 148 119 A1 




Fig. 4 



EP1 148 119 A1 



Fig. 5 



2a 



2 U 



8 



EP1 148 119 A1 



Fig. 6 
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